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(54) Supplemental seal for the chorda! hinge seals In a gas turbine 



(57) in a gas turbine having a chordal hinge seal be- 
tween an inner rail (52) of each nozzle segment and an 
annular axially facing sealing surface (54) of a nozzle 
support ring (44), a supplemental seal (70) Is disposed 
between the support ring and Inner bands of the nozzle 
segments on a lower pressure side of the chorda I hinge 
seals. To minimize or prevent leakage flow across the 
chordal hinge seals, a generally U-ahaped supplemen- 
tal seal (70) having reversely foldad U-shaped marginal 
portions (74) is received in a cavity formed in the aaially 
extending sealing surface of the inner rail (52) of Ihe 



nozzle segment At operating conditions, the marginal 
portions (74) seal against the base of the cavity and the 
annular sealing surface (54) of the nozzla support ring 
to prevent leakage flow past the chordal hinge seal from 
entering the hot gas path. To install the supplemental 
seal, the seal Is first compressed and maintained in a 
compressed state by applying one or more wraps about 
the supplemental seal or an epoxy to secure the seal 
when compressed In the cavity. At operating tempera- 
tures, the retention means releases the seal to engage 
marginal portions against opposite sealing surfaces of 
the.nozzle segment and support ring. 




Fig. 9 
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Description 

[0001] The present invention relates to seals in a gas 
turbine for supplementing the chorda) hinge seals be- 
tween turbine nozzles and a turbine nozzle support ring 
and particularly relates to supplementary seals tor sub- 
stantia^ minimizing or eliminating leakage losses past 
the chorda! hinge seals. 

[0002] In a gas turbine, hot gases of combustion flow 
from combustors through first-stage nozzles and buck- 
ets and through the nozzles and buckets of follow-on 
turbine stages. The first-stage no2zfes typically include 
an annular array or assemblage of cast nozzle seg- 
ments each containing one or more nozzle stator vanes 
per segment. Each first- stage nozzle segment also in- 
cludes inner and outer band portions spaced radially 
from one another. Upon assembly of the nozzle seg- 
ments, the stator vanes are circumferentlally spaced 
from one another to form an annular array thereof be- 
tween annular inner and outer bands. A nozzle retaining 
ring coupled to the outer band of the first-stage nozzles 
supportB the first-stage nozzles fn the gas flow path of 
the turbine. An annular nozzle support ring, preferably 
spilt at a horizontal mldlino, Is engaged by the Inner bond 
and supports tho first-stage nozzles against axial move- 
ment 

[0003] In an exemplary arrangement, eighteen cast 
segments are provided with two vanes per segment. 
The annular array of segments are sealed one to the 
other along adjoining circumferential edges by side 
seals. The side seals seal between a high pressure re- 
gion radially inwardly of the inner band, I.e., compressor 
discharge air at high pressure, and the hot gases of 
combustion in the hot gas flow path which are at a lower 
pressure. 

[0004] Chorda! hinge seals are used to seal between 
the Inner band of the first-stage nozzles and an axiaiiy 
facing surface of the n 02 2 la support ring. Fneb chorda I 
hinge seal includes an axial projection which extends 
linearly along a chord line of the Inner band portion of 
each nozzle segment Particularly, the chorda! hinge 
seal extends along an inner rail of each segment and 
which rail extends radially inwardly of the Inner band 
portion. The chordal hinge seal projection lies in sealing 
engagement with the axlally opposite facing sealing sur- 
face of the nozzle support ring. 

[0005] During operation and/or repair of the first- 
Stage nozzle, it has been found that warpage can leave 
gaps between the chordal hinge seals and the aealing 
surface of the nozzle support ring. These gaps enable 
leakage past the chordal hinge seals from tho high pres- 
sure area radially within tho annular inner band into the 
hot gas flow path. That is, the chordal hinge seals are 
Inadequate to prevent leakage flow as the chordal hinge 
seal projections lose contact with the sealing surface of 
the nozzle support ring. Consequently, there is a need 
for a supplemental seal at the interface of the first-stage 
nozzles and nozzle support ring to minimize or eliminate 



the leakage flow past the chordal hinge seals. 
[0006] in accordance with a preferred embodiment of 
the present invention, there Is provided a supplemental 
saal between the f Irst-srage no2zles and the nozzle sup- 
g port ring which eliminates or minimizes leakage past the 
chordal hinge seals. Th« supplemental seal includes a 
seal body which extends In an arcuate cavity in one of 
the axlally opposed sealing surfaces of the nozzle sup- 
port ring and nozzle segment radially outwardly of the 
10 chordal hinge seal. The seal body has preferably a first, 
generally U-shaped portion In cross -section, and a pair 
of reversely extending, generally U-shaped marginal 
portions in cross-section along opposite sides of the U- 
shaped portion. With the seal body disposed in the cav- 
1* ity and at turbine operating conditions, the marginal por- 
tions of the seal body lie in sealing engagement against 
an Inter! orsurtace of the cavity, e.g., thebase ofthecav- 
Ity, and me opposite opposed axlally sealing surface 
whereby any leakage flow past tho chorda! hinge seal 
so from the high pressure region to the low pressure region 
of the hot gas path is substantially eliminated, 
[0007] In a particularly preferred form of the present 
invention, the supplemental seal is formed of sheet met- 
al, preforably a pair of sheet metaJ plates secured, for 
& example, by welding, to one another and bent Into the 
aforementioned cross-sectional configuration. To install 
the supplemental seal, the seal is first placed in a corn- 
pressed stato and maintained in that compressed state 
during installation. To accomplish this, the seal may be 
30 wrapped by a material which, at turbine operating or 
near-operating conditions such as temperature, disinte- 
grates, releasing the seal to expand in the cavity which, 
under preload, biases the marginal portions of the seal 
body against the sealing surfaces. The wrap may be 
35 formed of a Kevlar® 2g or may be formed of a high- 
strength plastic material, such as Lexan™ or Ultem™ 
clips to hold the sea! in a compressed condition during 
installation. Alternatively; epoxy may be applied to the 
compressed seal to maintain the seal in the cavity in the 
40 compressed condition, the epoxy releasing the seal 
body at operating or near-operating turbine conditions 
for sealing engagement with the opposed sealing sur- 
faces. 

[0000] In a preferred embodiment according to the 
present invention, there is provided a gas turbine com- 
prising a turbine nozzle support ring having a generally 
exially facing first surface, a turbine nozzle segment 
having at least one stator vane and including an inner 
band having a second surface in axial opposition to the 

so first surface, one of the first and second surfaces defin- 
ing a cavity opening generally axlally toward another of 
the first and second surfaces and a flexible seal in the 
cavity including a seal body having a first, generally U- 
shaped portion in cross-section and a pair of reversely 

55 extending, generally U-shaped marginal portions in 
cross-section alon g opposite sides of the U-shaped por- 
tion, the marginal portions In sealing engagement with 
an int rior surface of the cavity of one surface and an- 
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other of the first and second surfaces, respectively. 
[OOOd] in y further preferred embodiment according to 
the present Invention, there is provided a turbine com- 
prising a turbine nozzle support ring having b generally 
axlaily facing first surface, a plurality of turbine nozzle 
segments having an annular array of atator vanes and 
an annular second surface In axial opposition to the first 
surface, each of the segments inclucfing an axial extend- 
ing projection for sealing engagement with the first sur- 
face forming a first seal therewilh, one of the first and 
second surfaces having a cavity opening generally axi- 
ally toward another of the first and second surfaces and 
at a location radially outwardly of the first seal and a flex- 
ible seal in the cavity including a seal body having a first, 
generally U-shaped portion In cross-section and a pair 
of reversely extending, generally U-shaped marginal 
portions In cross-section along opposite sides of the U- 
shaped portion, the marginal portions In sealing en- 
gagement with an interior surface of the cavity of one 
surface and another of the first and second surfaces, 
respectively. 

[001 0] An embodlm ent of the Invention wfl I now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

FIGURE 1 is a fragmentary schematic side eleva- 
tional view of a portion of a gas turbine; 

FIGURE 2 Is an enlarged fragmentary c no ee -sec- 
tional view illustrating a conventional chordal seal 
hinge; 

FIGURE 3 is a fragmentary perspective view illus- 
trating a portion of a conventional chordal hinge 
sea! afong an inner rail of a nozzle segment; 

FIGURE 4 Is a fragmentary perspective view with 
parts In cross-section illustrating the conventional 
chordal hinge seal in sealing engagement with a 
nozzle support ring of the gas turbine; 

FIGURE 5 Is a fragmentary enlarged perspective 
view of an inner rail of a nozzle segment illustrating 
both th e crtordaJ hinge seal and a supplemental seal 
according to a preferred embodiment of the present 
invention; 

FIGURES 6 and 7 are croes-sectional views of the 
supplemental seal In its non-compressed and com- 
pressed states, respectively; 

FIGURE 8 is a fragmentary enlarged cross-seotion- 
ef view illustrating the supplemental seal hereof In 
the cavity released for sealing engagement be- 
tween opposed sealing surfaces of the nozzle sup- 
port ring and the nozzle segment; and 

FIGURE 9 is a fragmentary perspective view of the 



chordal hinge and supplementary seals between 
the nozzle segments and the support ring. 

P>011] Referring now to Figure 1 1 there is illustrated a 
5 representative example of a turbine section of a gas tur- 
bine, generally designated 10. Turbine 10 receives hot 
gases of combustion from en annular array of combus* 
tors, not shown, which transmit the hot gases through a 
transition piece 12 for flow along an annular hot gas path 
10 14. Turbine stages are disposed along the hot gas path 
14. Each stage comprises a plurality of circumferentially 
spaced buckets mounted on and forming part of the tur- 
bine rotor and a plurality of circumferentially spaced sta- 
tor vanes forming an annular array of nozzles. For ex- 

15 ample, the first sfage Includes a plurality of clrcumfer- 
enti ally-spaced buckets 1 6 mounted on a first-stage ro- 
tor wheel 18 and a plurality of clrcumrerentially-spaced 
stator vanes 20. Similarly, the second stage includes a 
plurality of buckeis 22 mounted on a rotor wheel 24 Hnd 

sc a plurality of clrcurnferenti ally-spaced stator vanes 26. 
Additional stages may be provided, for example, a third 
stage comprised of a plurality of drcumferentialJy- 
spaced buckets 28 mounted on a third-stage rotor wheel 
30 and a plurality of circumferentially-spaced stator 

2s vanes 32. It will be appreciated that the stator vanes 20 , 
26 and 32 are mounted on and fixed to a turbina casing, 
while the buckets 1 8, 22 and 2B and wheels 1 8, 24 and 
30 form part of the turbine rotor. Between the rotor 
whoelfi are spacers 34 and 36 which also form part of 

30 the turbine rotor. It will be appreciated that compressor 
discharge air is located In a region 37 disposed radially 
inwardly of the first stage and that such air in region 37 
is at a higher pressure than the pressu re of the hot gases 
flowing along the hot gas path 1 4. 

35 [0012] Referring to the first stage of the turbine, the 
stator vanes 20 forming the first-stage nozzles are dis- 
posed between inner and outer bands 38 and 40, re- 
spectively, supported from the turbine casing. As noted 
above, the nozzles of the first stage are formed of a pbj- 

40 rality of nozzle segments 41 (Figure 3) each mounting 
one, preferably two, stator vanes extending between in- 
ner and outer band portions and arranged In an annular 
array of segments. A nozzle retaining ring 42 conn ected 
to the turbine casing is coupled to me outer band and 

43 secures the f Irst^stage nozzle. A nozzle support ring 44 
radially Inwardly of the Inner band 3B of the first-stage 
nozzles engages the inner band 38. Particularly, tho In- 
terface between the inner band 38 and the nozzle sup- 
port ring 44 includes an inner rail 52 (Figure 2). The inner 

50 rail 52 includes a chord-wise, linearly extending axial 
projection 40, generally and coffecth/ely hereinafter re- 
ferred to as a chordal hinge seal 46. Projection 48 ex- 
tends along an axial facing surface 50 of the inner rail 
52 which forms an integral part of each nozzle segment 

S3 and specifically the Inner band 38, The projection 48 en- 
gages a first annular surface 54 of the nozzle support 
ring 44. It will be appreciated that high pressure com- 
pressor discharge air lies in the region 37 and lower 



3 

PAGE 11/^'^CVD'AT 4/27/2004 3:51:42 PM [Eastern Daylight Time] • 8VR:U8PTO-EFXRF.1/1 ■ DNlS:8729308 • CSID:1 703 768 0994 • DURATION (mm-ss):07-28 



04/27/2004 15:50 1-703-768-0994 



ADAM CERMAK ESQ 



PAGE 12/21 



5 EP 1 323 894 A2 6 

pressure hot gases flowing in the hot gas path 14 lie on both The lateral extent of the marginal seals, as well as 
the opposite side of the seal 4B. The chordal hinge seal the lateral extent of the generally U-shaped portion 72 
46 thus is intended to seal against leakage from the high of the supplements] sgal. Such wrap may be comprised 
pressure region 37 Into the lower pressure region ofihe of Kevlai® 29 and may comprise a continuous wrap or 
not gas path 14. 5 a segmented wrap about sections of the seal. Altema- 
[001 3] As noted previously, however, In turbine oper- tively, a high-strength ptestio such as Lexan™ or Ill- 
ation, component parts of the nozzles and nozzle sup- tern™ clips may hold the seal in a compressed state dur- 
port ring will tend to form leakage gaps between the pro- ing assembly. As a further alternative, epoxy may be ap- 
jection 48 and the surface 54 of the nozzle support ring plied to the mar gins 74 of the seal when located In the 
44 whereby leakage flow may occur from the high pres- to cavity to maintain the supplemental seal In the corn- 
sure region to the iow pressure region. In order to mln- pressed state. 

Imize or prevent leakage flow Into the hot gas path 14, [0016] As the turbine reaches operating conditions, i. 

and in accordance with a preferred embodiment of the e., higher temperatures, the retaining means, e.g., the 

present invention, there is provided a supplemental seal wrap or wraps or the epoxy, release the seal from its 

for sealing between the first-stage nozzles and the noz- compressed state, enabling the seal to expand in a lat- 

Zle support ring 44. The supplemental seal, generally era! (axial) direction. Such expansion locates surface 

designated 70, Includes a seal body 71 having a first, portions 90 of the margineJ portions 74 Into engagement 

generally U-shaped portion 72 In cross-section and a against the base 82 of the cavity 80 and the sealing sur- 

pair of reversely extending, generally U-shaped margin- face 54-of the nozzle support ring 44. Consequently, the 

al portions 74 in cross-section along opposite sides of so supplemental seal remains biased or preloaded Into 

the U-shaped portion 72. In a natural stale of the seal sealing engagement with the opposed sealing surfaces, 

body, the laterally outer extremities of the marginal U- It will be appreciated that a metal-to-metal line contact 

shaped portions extend outwardly beyond the lateral ex- with good sealing performance Is thus provided to pre- 

tont of tho main U-shapcd portion 72. Preferably,, the vent any leakage flow past the chorda! hingo soai from 

eeal body 71 Is formed of sheet metal In a particular zs entering the hot gas path. 

embodiment hereof, a pair of sheet metal plates 76 and [0017] As noted previously, the supplomental seal 70 
7B are secured, for example, by welding to one another Is preferably provided in segments which have acrrcum- 
to form the seal body. terentlal extent greater than the circumferential extent 
[0014] Referring now to Figures 5 and 8, one of the of the nozzle segments. Thus, tho supplemental seal 
sealing surfaces 50 and 54 of the nozzle segment 52 so spans between the joints between adjacent nozzle seg- 
and the nozzle support ring 44 is provided with a cavity ments, as illustrated in Figure 5 ( with the supplemental 
B0 for housing the supplemental seat 70. Preferably, the seal extending beyond the lateral edge of the nozzle 
housing 80 is formed in the inner rail 52 with the cavity segment. This seals against any leakage path at the 
80 opening generally axialiy toward the axialiy opposite Joint between the nozzle segments. 
6aaJlng surface 54 of the nozzle support ring 44. The 33 
cavity 80 includes a base 82 and radially opposed sur- 
faces 84 and 86, respectively. As illustrated in Figure 5, Claims 
the cavity 80 extends in an arcuate path about the axis 

of the turbine rotor and lies radially outwardly of the 1. A gas turbine (10) comprising: 

chordal hinge seal 48. Consequently, the supplemental <"> 

seal 70 Is located to substantially preclude any leakage a turbine nozzle support ring {44} having a gen- 
flow past the chordal hinge seal 46 from entering the low e rally axialiy facing first surface (54); 
pressure region of the hot gas path 14. a turbine nozzle segment (41) having at least 
[0015] To InstaJI the supplemental seal , the cavity 80 one stator vane (20) and including an inner 
is first formed in me sealing surface 50 of the inner rail band (38) having a second surface (50) In axial 
52. The supplemental seal 70 is provided preferably In opposition to said first surface; 
arcuate lengths in excess or the arcuate length of the one of said first and second surfaces defining 
nozzle segments, preferably in 90° or 1 B0° lengths, and a cavity opening (82) generally axialiy toward 
therefore spans the joints between the nozzle seg- another of said first and second surfaces; and 
ments. To install the seat body, the body Is first com- so a flexible seal (70) in said cavity including a seal 
pressed to e configuration which, when inserted into tho body (71 ) having a first, generally U-ehaped 
cavity 80, enables the seal body to lie wholly within the portion (72) in cross-section and a pair of re- 
confines of the cavity 80. Means are provided to main- versely extending, generally U-shaped margin- 
tain the seal body in a compressed state during instal- al portions (74) In cross-section along opposite 
lation, Such means, for example, may comprise a wrap . 33 sides of said U-shaped portion, said marginal 
92 provided about the entire length or portions of the portions In sealing engagement with an interior 
length of each seal section which flexes the marginal surface of th cavity of said one surface and 
portions 74 of the seal toward one another, reducing said another of said first and second surfaces, 
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respectively. 

2. A turbine comprising: 

a turbine nozzle support ring (44) having a gen- s 
eralfy axialfy facing first surface (54); 
a plurality of turbine nozzle segments (41 ) hav- 
ing an annular array of stator vanes (20) and 
an annular second surface (£0) In axial oppo- 
sition to said first surface; 10 



3. A turbine according to Claim 1 or Claim 2 wherein 
said cavity and said seal body are arcuate in a cir- so 
cumf arenttal direction about an axis of the turbine. 

4w A turbine according to Claim 1 or Claim 2 wherein 
said seal body comprises sheet metal. 

35 

5. A turbine according to Claim 1 or Claim 2 wherein 
said sea] body comprises a pair of sheet metal 
plates (76, 7B) secured one to the other 



engagement with said interior cavity surface and 
said another of sard first and second surfaces. 

9. A turbine according to Claim 1 or Claim 2 including 
means (92) for releasabfy retaining said seal body 
in said cavity In a compressed state such that said 
seal body lies wholly within said cavity, said retain- 
ing means releasing said seal body from said com- 
pressed state in response to turbine operating con- 
ditions. 

10. A turbfne according to Claim 9 wherein said retain- 
ing means Includes a wrap about said soar body, 
and an epoxy temporarily maintaining said seal 
body in said cavity in said compressed state. 



each of said segments including an axial extending 
projection (4£) for sealing engagement with said 
first surface forming a first seal therewith; 

one of said first and second surfaces having rJ 
a cavity opening (82) generally axially toward an- 
other of said first and second surfaces and at a lo- 
cation radially outwardly of the first seal; and 

a flexible seal (70) in said cavity including a 
seal body (71) having a first, generally U-shaped 
portion in cross-section and a pair of reversely ex- 
tending, generally U-shaped margined portions (74) 
In cross-section along opposite sides of said U- 
shapcd portion, said marginal portions in sealing 
engagement with an Interior surface of the cavity of 25 
said one surface and said another of said first and 
second surfaces, respectively. 



6. A turbine according to Claim 1 or Claim 2 wherein 40 
said seal body is biased to maintain said marginal 
portions in sealing engagement with said Interior 
cavity surface and said another of said first and sec- 
ond surfaces, respectively. 

45 

7. A turbine according to Claim 1 or Claim 2 wherein 
said cavity and said seal body are arcuate in a cir- 
cumferential direction about an axis of the turbine, 
one of said support ring and said segment Including 

an axially extending projection (48) along an axial so 
facing surface thereof for engagement with an axi- 
ally facing surface of another of said support ling 
and eald segment to form a seal therebetween. 

8. A turbine according to Claim 7 wherein said seal 55 
body comprises a pair of sheet metal plates (76, 78) 
secured one to the other, said seal body being bi- 
ased to maintain said marginal portions in sealing 
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Fig. 8 
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